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(54) An improved thermophotovoltaic apparatus 

(57) A TPV apparatus for generating electric power, 
which comprises a combustion chamber comprising a 
burner device generating, by means of the combustion 
of fuel and combustion air, hot gases providing an 
amount of thermal power. The TPV apparatus further 


comprises a converter assembly, which is associated to 
the combustion chamber and converts into electric pow- 
er at least a portion of the amount of thermal power. 
The converter assembly comprises a plurality of TPV 
modules, positioned internally to the combustion cham- 
ber. 
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Description 

[0001] The present invention relates to an improved 
thermophotovoltaic (TPV) apparatus. 
[0002] More particularly, the present invention relates 5 
to an improved TPV apparatus, which is suitable for the 
use in systems for the generation of electric power. 
[0003] It is known that systems f orthe distributed gen- 
eration of eiectric power have had a large diffusion in 
the market, in the last years. Distributed generation 10 
(DG) systems are mainly aimed at generating electric 
power in the proximity of the final user avoiding the need 
of an electric power distribution network. 
[0004] Distributed generation of electric power is gen- 
erally adopted also in combined-heat-power (CHP) sys- *5 
terns and in combined-heat-cold-power (CHCP) sys- 
tems, which refer to the simultaneous production of 
electric power, hot water and steam for heating or cool- 
ing purposes. 

[0005] A wide range of electric power may be cov- 20 
ered: from few hundreds watts (domestic applications) 
to several megawatts (huge industrial plants), depend- 
ing on the needs. 

[0006] In the past, there have been, in the field of the 
distributed generation, different types of electric power 25 
generation methods, which employ generally internal 
combustion engines (ICE) or turbo-machines. 
[0007] These traditional methods have some disad- 
vantages, which are mainly related to the fact of using 
apparatuses, provided with moving parts and, therefore, 30 
subjected to wear problems, high noise levels, frequent 
maintenance interventions and the like. 
[0008] Beside these traditional methods, some alter- 
native methods, which imply a "static" generation of 
electric power, have been developed. Among these, the 35 
methods, which use a solar photovoltaic (PV) conver- 
sion for generating electric power, have to be men- 
tioned. Solar photovoltaic converters are extensively 
used in low-medium scale eiectric power distributed 
generation systems. Thanks to absence of moving 40 
parts, they allow overcoming most of the disadvantages 
that are proper of the methods employing ICE or turbo- 
machines. 

[0009] Similarly to the PV conversion, also to the TPV 
electric power conversion avoids the use of moving 45 
parts within an electric power generator. In fact, TPV 
electric power generation is based upon the positioning 
semiconductor TPV cells, which are structured similarly 
to the well known solar cells, in the photon flux field of 
a high temperature photon emitter. In practice, TPV so 
electric power generation is based on the conversion of 
infrared (IR) radiation, which is emitted by a heat source. 
The development of emitters, able to emit a narrow- 
band IR radiation, and the adoption of TPV cells made 
of selected semiconductor compounds, such as those 55 
of the lll-V families (Ge, GaAs, GaSb, InGaSb, In- 
GaAsSb and the like), have allowed reaching high pow- 
er density levels (higher than 1 W/cm 2 ). Therefore, TPV 


electric power generation has shown to be attractive for 
the relatively reduced size, installation and maintenance 
costs of the TPV generation apparatuses, keeping un- 
changed, at the same time, the advantages that are 
proper of the PV technology. 

[0010] Several TPV apparatuses have therefore been 
developed in the state of the art. 
[0011] Traditionally, TPV apparatuses adopt a config- 
uration, which is similar to that one illustrated in figure 
1. In fact, because the emission spectrum of a free fiame 
does not match with the receiving band of the conver- 
sion semiconductor cells, an emitter body 1 generally 
constitutes the heat source. The emitter 1 has generally 
a cylindrical structure, similar to the radiant tubes that 
are traditionally used in industrial kiln-drying systems. 
The emitter 1 is associated to a burner (not illustrated), 
which is supplied with fuel 8 and combustion air 7. The 
combustion process obviously provokes the emission of 
heat from the burner. The generated heat increases the 
temperature of the emitter 1 , which emits externally IR 
photons 3. The IR radiation 3 is converted by the sem- 
iconductor cell arrays 2 into electric power 4. A recuper- 
ator 5 is generally associated to the burner. The recu- 
perator 5 recovers the residual heat of the flue gases 6 
in order to increase the whole efficiency of the conver- 
sion system, in fact, by means of heat exchangers, it is 
possible to pre-heat the air, which is used for the com- 
bustion (the pre-heated air flux is represented by arrow 
9). 

[0012] Unfortunately, traditional TPV systems are af- 
fected by some drawbacks. 

[0013] Known TPV apparatuses are affected by some 
drawbacks that, in practice, restrict the maximum 
amount of electric power, which can be generated. 
[0014] In fact, the high emissivity materials (e.g. SiC 
or Kanthal), which are generally adopted for fabricating 
the emitter, can be subjected to a maximum tempera- 
ture, which is 1300 °C. Therefore, an intrinsic limitation 
of the maximum power density, which can be obtained 
from a single TPV conversion module of the known type, 
is present. 

[0015] Moreover, the practice has shown that sur- 
rounding the burner with emitter, due to the cylindrical 
geometry of the assembly, it is very difficult to achieve 
a uniform temperature distribution of the emitter. This 
reduces the available power density of the TPV appa- 
ratus. 

[0016] A further limitation of the generated electric 
power is represented by the limitations to the maximum 
size of the radiant tube 1 , due to the need of obtaining 
a uniform temperature distribution. Actually, the maxi- 
mum sized radiant tube, which is available in the state 
of the art, has a diameter of 195 mm and a length of 
2000 mm. 

[0017] Therefore, the TPV apparatuses of state of the 
art are generally aimed at generating electric power 
amounts that are lower than 1 KWe. 
[0018] This fact means that they can be used oniy for 
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domestic or low power distributed generation systems. 
The Lise in more powerful distributed generation sys- 
tems, implies to adopt £ plurality of TPV apparatuses, 
each adopting a configuration similar to that one illus- 
trated in figure 1 . Obviously this fact means a remarka- 
ble increase cf the installation and of operation costs, 
which make the TPV technology no more competitive 
for distributed generation systems for electric powerval- 
ues higher than 1 KWe. 

[0019] Therefore, the main aim of the present inven- 
tion is to provide a TPV apparatus, which can generate 
a relatively high amount of electric power, at competitive 
costs. 

[0020] Within this aim, another object of the present 
invention is to provide a TPV apparatus, which is suita- 
ble for the use in distributed generation systems char- 
acterised by power levels higher than 1 KWe. 
[0021] Another object of the present invention is to 
provide a TPV apparatus, which is suitable for the use 
in DG, CHP and CHCP systems characterised by elec- 
tric power levels higher than 1 KWe. 
[0022] Another object of the present invention is to 
provide a TPV apparatus, which is characterised by high 
levels of total efficiency. 

[0023] Another object of the present invention is to 
provide a TPV apparatus, which is characterised by rel- 
atively low installation and operation costs. 
[0024] Not the least object of the present invention is 
to provide a TPV apparatus, the fabrication of which is 
relatively easy and at low costs. 

[0025] Thus, the present invention provides a TPV ap- 
paratus for generating electric power comprising: 

a combustion chamber comprising a burner device, 
said burner device generating, by means of the 
combustion of fuel and combustion air, hot gases 
providing an amount of thermal power; and 
a converter assembly, said converter assembly be- 
ing associated to said combustion chamber and 
converting into electric power at least a portion of 
said amount of thermal power. 

[0026] The TPV apparatus, according to the present 
invention is characterised in that said converter assem- 
bly comprises a plurality of TPV modules, said TPV 
modules being positioned internally to said combustion 
chamber. At least one of said TPV modules comprises: 

an emitter element, said emitter element emitting IR 
radiation, when heated by said hot gases generated 
by said burner device: and 

a receiver element, said receiver element compris- 
ing a plurality of TPV cells for converting at least a 
portion the IR radiation, which is provided by said 
emitter element into electric power. 

[0027] The TPV apparatus, according to the present 
invention, is particularly advantageous and allows 


achieving the main aim of the present invention. 
[0028] In fact, in tne TPV apparatus, according to the 
present invention, it is possible to associate a single 
heat source to a piuraiity of TPV modules. The TPV 
5 modules can be provided with an emitter element, which 
is heated by the single heat source and with a receiver 
element, which generate a predefined amount of electric 
power. 

[0029] Therefore, the total amount of electric power, 
10 which can be provided by the whole TPV apparatus, can 
be regulated and increased, depending on the number 
of TPV modules that are positioned inside the combus- 
tion chamber. Moreover, the use of a single combustion 
chamber allows reducing remarkably the size of the TPV 
15 apparatus. This obviously leads to a consistent reduc- 
tion of the installation and operation costs of the TPV 
apparatus. 

[0030] For a better understanding of the present in- 
vention, reference may be made to the detailed descrip- 
20 tion reported hereinafter, taken in conjunction with the 
accompanying drawings in which: 

figure 1 represents schematically the structure of a 
known TPV apparatus; 
25 figure 2 represents schematically the basic struc- 
ture of the TPV apparatus according to the present 
invention; 

figure 3 represents schematically a detail of the ba- 
sic structure of the TPV apparatus according to the 
30 present invention; 

figure 4 represents schematically a detail of a first 
preferred embodiment of the TPV apparatus ac- 
cording to the present invention; 
figure 5 represents schematically a full view of the 
35 mentioned first preferred embodiment of TPV ap- 
paratus according to the present invention; 
figure 6 represents schematically a detail of a sec- 
ond preferred embodiment of the TPV apparatus 
according to the present invention; 
40 figure 7 represents schematically a full view of the 
mentioned second preferred embodiment of the 
TPV apparatus according to the present invention. 

[0031] Referring to figure 2, the TPV apparatus ac- 
45 cording to the present invention (globally indicated by 
dotted box 10) comprises a combustion chamber 11. 
The combustion chamber 1 1 comprises a burner device 
1 2, which generates by means of the combustion of fuel 
and combustion air (not illustrated) hot gases 13 that 
50 provide an amount of thermal power. 

[0032] The TPV apparatus 1 0 comprises also a con- 
verter assembly (globally indicated by the dotted box 
14), which is associated to the combustion chamber 11 . 
The converter assembly 14 converts at least a portion 
55 of the amount of thermal power, which is provided by 
the hot gases 13, into the electric power POUT. The con- 
verter assembly 14 comprises a plurality of TPV mod- 
ules 1 6 that are positioned internally to the combustion 


30 


35 


BNSDOCID: <EP 1 179856A1_!_> 


EP 1 179 856 A1 


chamber 11. 

[0033] Referring to figure 3, a TPV module 16 com- 
prises an emitter element 100. which emits an IR radi- 
ation 101. when heated by the hot gases 13. A TPV 
module 16 also comprises a receiver element 102, 
which comprises a plurality of TPV cells 1 03 for convert- 
ing into eleciric power at least a portion of the IR radia- 
tion 101 provided the emitter element 100. 
[0034] Advantageously, a TPV module 1 6 may also 
comprise also a cooling system 1 04, which is associated 
to the receiver element 102. In this manner, the operat- 
ing temperature of the mentioned plurality of TPV cells 
103 is kept within a predefined temperature range, due 
to the fact that the cooling system 1 04 eliminate the heat 
in excess 105. 

[0035] Each of the TPV modules 16 provides a pre- 
defined amount of electric power, which can be indicat- 
ed as POUTj. The TPV modules 16 can easily be con- 
nected electrically so as to obtain that POUT = Z POUTj. 
It appears evident that the amount of electric power, 
which is generated by the TPV apparatus according to 
the present invention, depends on the number of TPV 
modules that are included in the combustion chamber 
1 1 . Therefore, it is possible to generate amounts of elec- 
tric power that are quite higher than 1 KWe ; just con- 
necting electrically a suitable number of TPV modules. 
The amount of electric power POUT i: which is generated 
by a single TPV module can be lower than 1 KWe. In 
this manner, the limitations that are due to the operation 
temperature and the size of the emitter element can be 
overcome. 

[0036] Moreover, the temperature of the emitter ele- 
ment 100 of each of the TPV can be higher and more 
uniform. 

[0037] In practice, the TPV apparatus, according to 
the present invention, adopts a converter assembly 1 4, 
which is characterised by a modular structure, associ- 
ated to a single heat source (i. e. the burner element 1 2). 
This fact allows generating consistent amounts of elec- 
tric power, without incurring into the drawbacks that are 
proper of the TPV apparatuses of the state of the art. 
[0038] Various embodiments of the TPV apparatus, 
according to the present invention, can be provided. 
These embodiments can provide also for different con- 
figurations of the TPV modules. 

[0039] Referring to figure 4, according to a first pre- 
ferred embodiment of the present invention, the emitter 
element 1 00 comprises at least a first through cavity 21 , 
in which the hot gases 13 are allowed to flow. The emit- 
ter element 1 00 is therefore heated because of the flow 
of the hot gases 13. The emitter element 100 comprises 
also at least an external wall 22, which, in consequence 
of the heating of emitter element 100, emits an IR radi- 
ation 1 01 . According to the same embodiment the re- 
ceiver element 102 comprises a second through cavity 
25, in which the emitter element 100 is positioned. The 
internal wall 26 of the second through cavity 25 supports 
a plurality of TPV cells (hatched box 1 03) that are posi- 


tioned so as to receive the IR radiation 101 . 
[0040] The second through cavity 25 can be sealed 
so as to obtain a vacuum atmosphere inside the cavity 
or an atmosphere filled with a nobie gas (e.g Helium). 

5 [0041] The TPV cells are preferably low band-gap 
semiconductor cells and can be fabricated, according to 
the state of the art technologies, using direct band-gap 
semiconductor materials such those included groups III- 
V (for example GaAs, GaSb, InGaSb, InGaAsSb and 

10 the like). 

[0042] The emitter element 100 can advantageously 
comprise layers of high emissivity material such as, for 
example, SiC or Kanthal. 

[0043] Preferably, the receiver element 1 02 compris- 
15 es at least an external wall 28, which exchanges heat 
with a cooling fluid (not illustrated). The cooling fluid is 
advantageously supplied by the cooling system 1 04 of 
figure 3. 

[0044] In figure 5, a schematic view of this first pre- 

20 ferred embodiment of the present invention, is illustrat- 
ed. The TPV apparatus, globally indicated by the refer- 
ence 50 of figure 5, is provided with TPV modules 16 
positioned along a direction (arrow 51), which is sub- 
stantially parallel to the main flow direction of the hot 

25 gases 13. This allows advantageously the flow of the 
hot gases 13 into the first through cavity 21 of the emitter 
element of each of the modules 16. 
[0045] Referring to figure 6, according to a second 
preferred embodiment of the present invention, the 

30 emitter element 1 00 comprises is exposed to the flow of 
hot gases 13, so as to be heated. The emitter element 
100 comprises a third through cavity 31 . At least an in- 
ternal wail 32 of the third through cavity 31 emits an IR 
radiation 101 : when the emitter element 100 is heated 

35 by the hot gases 1 3. The third through cavity 31 can be 
sealed so as to obtain a vacuum atmosphere inside the 
cavity or an atmosphere filled with a noble gas (e.g He- 
lium). 

[0046] According to the same embodiment, the men- 
40 tioned receiver element 1 02 is positioned inside the third 
through cavity 31 . so as to be surrounded by the emitter 
element 1 00. At least an external wall 35 of the receiver 
element 102 supports a plurality of TPV cells (hatched 
box 1 02) that are positioned, so as to receive the IR ra- 
43 diationlOL 

[0047] The receiver element 1 02 comprises advanta- 
geously a fourth through cavity 37, through which a cool- 
ing fluid (not illustrated) can flow and exchange heat with 
at least an internal wall 38 of the fourth cavity 37. The 
50 cooling fluid can be supplied by the cooling system 1 04 
of figure 3. 

[0048] In figure 7, a schematicview of this second pre- 
ferred embodiment of the present invention, is illustrat- 
ed. The TPV apparatus, globally indicated by the refer- 
55 ence 60, is provided with TPV modules 16 positioned 
along a direction (arrow 61), which is substantially per- 
pendicular to the main flow direction of the hot gases 
13. Advantageously, the modules 16 are disposed ac- 
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cording to a staggered or inline distribution with respect 
of the main flow direction of the hot gases 13. In this 
manner, the third body 3C of the emitter eiement of the 
moduies 16 can exposed to the flow of hot gases 13, 
according to the needs. 5 
[0049] Referring now to figures 5 and 7, the TPV ap- 
paratus, according to the present invention, comprises 
preferably a recuperator assembly 70. The recuperator 
assembly 70 can pre-heat, by means of the residual 
heat of tne hot gases 1 3 : the combustion air 71 . Prefer- 10 
ably, the recuperator assembly 70 comprises at least a 
recuperating chamber 72, which is coupled to the com- 
bustion chamber 11 , so as to receive the hot gases 13 
flowing through it. The recuperating chamber comprises 
a plurality of heat exchanger tubes 73. The combustion is 
air 71 flows internally to the heat exchanger tubes 73. 
so as to be pre-heated. Advantageously, the plurality of 
heat exchanger tubes 73. is coupled to a duct 74, which 
conveys the air 71 to a mixer device 75. The mixer de- 
vice 75 provides the burner device 1 2 with the pre-heat- 20 
ed air 76, after having mixed it with a predefined amount 
of fuel. 

[0050] Alternatively, the duct 74 can convey the pre- 
heated combustion air 76 directly to the burner device 
12. 25 
[0051] This embodiment of the present invention, is 
particularly advantageous because it allows improving 
the total efficiency conversion of the TPV apparatus. 
[0052] Another manner for obtaining a conversion ef- 
ficiency improvement can be achieved adopting the em- 30 
bodiment of the present invention, which is illustrated in 
figure 8. According to this embodiment of the present 
invention, the burner device 1 2 of the TPV apparatus 80 
is provided advantageously with an auto -recuperative 
system 120 for directly pre-heating the combustion air 35 
71. Therefore, as illustrated in figure 8, the structure of 
the TPV apparatus 80, according to the present inven- 
tion, can be remarkably simplified. 
[0053] Alternatively, the burner device 12 can com- 
prise an auto-regenerative burner, such one of those *o 
generally used in industrial kiln-drying systems. In this 
manner, the total efficiency of the TPV apparatus 80, 
according to the present invention, can be further in-, 
creased till to remarkable levels (higher than the 20%). 
[0054] Moreover, the burner device 12 can comprise *5 
a burner of the flame-type or, more advantageously, of 
the flame-less type, so as to reduce the NOx emissions 
of the TPV apparatus 20. 

[0055] it has been proved in practice that the TPV ap- 
paratus, according to the present invention, allows 50 
achieving ail the intended aims and objects. 
[0056] Thanks to the modular approach in the man- 
agement of the TPV generation of the output electric 
power, the TPV apparatus has proven to be particularly 
suitable for the use in distributed generation systems 55 
characterised by power levels higher than 1 KWe By 
means of the use of a single combustion chamber in- 
cluding a plurality of TPV modules, the TPV apparatus, 


according to the present invention, has proven to be 
able to generate relatively high amounts of electric pow- 
er keeping relatively low. at the same lime, tne installa- 
tion and the operation costs. Moreover, the total efficien- 
cy of the TPV apparatus, according to the present in- 
vention, has proven to be relatively high, if compared to 
the TPV apparatuses of the state of the art. 
[0057] These facts make the TPV apparatus, accord- 
ing to the present invention, particularly suitable for the 
use in DG, CHP and CHCP systems, characterised by 
electric power levels higher than 1 KWe. 
[0058] Moreover, the fabrication of the TPV appara- 
tus, according to the present invention, has proven to 
be relatively easy and at low costs, due to the fact that 
relatively simple configurations can be adopted for the 
described TPV modules. 

[0059] The TPV apparatus, according to the present 
invention, thus conceived is susceptible of numerous 
modifications and variations, all of which are within the 
scope of the inventive concept. All the details may also 
be replaced with other technically equivalent elements. 
In practice, the materials employed, so long as they are 
compatible with the specific use. as well as the dimen- 
sions, may be any according to the requirements and to 
the state of the art. 


Claims 

1 . ATPV apparatus for generating electric power com- 
prising: 

a combustion chamber comprising a burner de- 
vice, said burner device generating, by means 
of the combustion of fuel and combustion air, 
hot gases providing an amount of thermal pow- 
er: 

a converter assembly, said converted assem- 
bly being associated to said combustion cham- 
ber and converting into electric power at least 
a portion of said amount of thermal power; 

characterised in that, said converter assembly 
comprises a plurality of TPV modules, positioned 
internally to said combustion chamber, one or more 
of said TPV modules comprising at least: , 

an emitter element, said emitter element emit- 
ting IR radiation, when heated by said hot gas- 
es generated by said burner device; and 
a receiver element, said receiver element com- 
prising a plurality of TPV cells for converting in- 
to electric power at least a portion the IR radi- 
ation, which is provided by said emitter ele- 
ment. 

2. A TPV apparatus, according to claim 1 , character- 
ised in that, it generates an amount of electric pow- 
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er, which is higher than 1 KWe. 

3. A TPV apparatus, according to one or more of the 
previous claims, characterised in that, one or 
more of said thermophoto voltaic modules compris- 
es a cooling system, said cooling system being as- 
sociated to said receiver element, so as to maintain 
the operating temperature of said plurality of TPV 
cells within a predefined temperature range. 

4. A TPV apparatus, according to one or more of the 
claims from 1 to 3, characterised in that, said emit- 
ter element comprises: 

at least a first through cavity, into which said hot 
gases are allowed to flow., so as to heat said 
first body; 

at least an external wall, which, in consequence 
of the heating of said first body, emits an IR ra- 
diation. 

5. A TPV apparatus, according to the claims 3 and 4, 
characterised in that, said receiver element com- 
prises a second through cavity, in which said emitter 
element is positioned, the internal wall of said sec- 
ond through cavity supporting said plurality of TPV 
cells, said plurality of TPV cells being positioned, so 
as to receive the IR radiation, which is emitted by 
the external wall of said emitter element. 

6. A TPV apparatus, according to the claim 5, char- 
acterised in that, said receiver element comprises 
at least an external wall, which exchanges heat with 
a cooling fluid, said cooling fluid being supplied by 
said cooling system, so as to maintain said the op- 
erating temperature of said plurality of TPV cells 
within a predefined range. 

7. A TPV apparatus, according to one or more of the 
claims from 1 to 3, characterised in that, said emit- 
ter element comprises is exposed to the flow of said 
hot gases so as to be heated by said hot gases and 
comprises a third through cavity, at least an internal 
wall of said third through cavity emitting an IR radi- 
ation, when said emitter element is heated by said 
hot gases. 

A TPV apparatus, according to the claim 7, char- 
acterised in that, said receiver element is posi- 
tioned inside said third through cavity : so as to be 
surrounded by said emitter element, the external 
wall of said receiver element supporting said plural- 
ity of TPV cells, said plurality of TPV cells being po- 
sitioned, so as to receive the IR radiation emitted 
by the internal wall of said third through cavity. 

An TPV apparatus, according to claim 8, charac- 
terised in that, said receiver element comprises a 


fourth through cavity, into which a cooling fluid flows 
and exchanges heat with the internal v/al! of said 
fourth through cavity, said cooling fluid being sup- 
plied by said cooling system, so as to maintain said 
5 the operating temperature of said plurality of TPV 
cells within a predefined range. 

10. A TPV apparatus, according to the claim 5 charac- 
terised in that said second through cavity compris- 

10 es a vacuum atmosphere or an atmosphere filled 
with a noble gas. 

11 . A TPV apparatus, according to the claim 7 charac- 
terised in that said third through cavity comprises 

*s a vacuum atmosphere or an atmosphere filled with 
a noble gas. 

12. A TPV apparatus, according to one or more of the 
claims from 4 to 6, characterised in that, said TPV 

20 modules are positioned along a direction, which is 
substantially parallel to the main flow direction of 
said hot gases. 

13. A TPV apparatus, according to one or more of the 
25 claims from 7 to 9, characterised in that, said TPV 

modules are positioned along a direction, which is 
substantially perpendicular to the main flow direc- 
tion of said hot gases. 

30 14. A TPV apparatus, according to the claim 13, char- 
acterised in that, said TPV modules are disposed 
according to a staggered distribution with respect 
of the main flow direction of said jiot gases. 

35 15. A TPV apparatus, according to the claim 13, char- 
acterised in that, said TPV modules are disposed 
according to a inline distribution with respect of the 
main flow direction of said hot gases. 

40 16. A TPV apparatus, according to one or more of the 
previous claims, characterised in that, said plural- 
ity of TPV cells comprises one or more low band- 
gap TPV cells. 

45 17. A TPV apparatus, according to one or more of the 
previous claims, characterised In that it comprises 
a recuperator assembly for pre-heating, by means 
of the residual heat of said hot gases, said combus- 
tion air. 

50 

18. A TPV apparatus, according to the claim 1 7, char- 
acterised in that said recuperator assembly com- 
prises at least a recuperative chamber, said recu- 
perative chamber being associated to said combus- 

55 tion chamber, so as to receive the hot gases flowing 
through said combustion chamber. 

19. A TPV apparatus, according tc the claim 18, char- 
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acterised in that, said recuperative chamber com- 
prises a plurality of heat exchanger tubes into which 
said combustion air is allowed flow, so as to be pre- 
heated. 

5 

20. A TPV apparatus, according to the claim 19, char- 
acterised in that said plurality of heat exchanger 
tubes, is coupled to a duct, which conveys the pre- 
heated combustion air to a mixer device, said mixer 
device providing said burner device with said pre- 10 
heated combustion air. 

21. A TPV apparatus, according to the claim 1 9, char- 
acterised in that, said plurality of heat exchanger 
tubes, is coupled to a duct, which conveys the pre- *5 
heated combustion air to said burner device. 


22. A TPV apparatus, according to one or more of the 
claims from 1 to 21, characterised in that, said 
burner device burner is provided with a heat auto- 20 
recuperative system. 


23. A TPV apparatus, according to one or more of the 
claims from 1 to 21 , characterised in that, said 
burner device burner comprises an auto-regenera- 25 
tive burner. 

24. A TPV apparatus, according to one or more of the 
previous claims, characterised in that, said burner 
device burner comprises a burner of the flame-type. 30 

25. AiTPV apparatus, according to one or more of the 
claims from 1 to 23, characterised in that, said 
burner device burner comprises a burner of the 
flameless-type. 35 


26. A DG system, characterised in that it comprises 
at least a TPV apparatus, according to one or more 
of the previous claims. 

40 

27. A CHP system, characterised in that it comprises 
at least a TPV apparatus, according to one or more 
of the previous claims. 

28. A CHCP system, characterised in that it compris- *s 
es at least a TPV apparatus, according to one or 
more of the previous claims. 


50 


55 


7 


BMSDOCID: <EP 1179856AlJ_> 


# 

EP 1 179 856 A1 



BNSOOCIO; <EP 1179856A1J_> 


8 


EP 1 179 856 A1 



BNSDOCID: <EP 1179856A1J_> 


9 


# 

EP 1 179 856 A1 




EP 1 179 856 A1 



12 

BNSOOCID: <EP 11798S6A1J_> 



BNSDOCIO <EP 1 179856A1_I_> 


13 


EP 1 179 856 A1 


# 



14 

BNSDOCID: <EP 1 17985QA1J_> 



EP1 179 856 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 00 20 2786 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, wnere appropriate, 
of relevant oassaaes 


US 5 797 997 A (NOREEN DARRYL L) 
25 August 1998 (1998-08-25) 


* column 8 ? line 33 - column 10, line 62; 
figures 2,3 * 

* column 13, line 5 - column 14, line 31 * 

* column 17, line 10 - column 18, line 23 
* 

EP 1 014 454 A (BOSCH SMBH ROBERT) 
28 June 2000 (2000-06-28) 


* the whole document * 

US 6 065 418 A (GOLDSTEIN MARK K ET AL) 
23 May 2000 (2000-05-23) 

* column 6, line 5 - column 3," line 20; 
claims 1,8,26; figures 1-5 * 

W0 99 08296 A (MCDERMOTT TECHNOLOGY INC) 
18 February 1999 (1999-02-18) 

* the whole document * 

BURGER D R ET AL: "LOW-BANDGAP 
THERM0PH0T0V0LTAIC SYSTEM DESIGN" 
PROCEEDINGS OF THE INTERSOCIETY ENERGY 
CONVERSION ENGINEERING CONFERENCE 
(IECEC),US,NEW YORK, IEEE, 
vol. C0NF. 28, 8 August 1993 (1993-08-08), 
pages 1.1045-1.1049, XP000428371 

DE 197 40 625 A (RUHRGAS AG) 
18 March 1999 (1999-03-18) 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION <lnt.CI.7) 


1,3.4,6 
12,14, 
16,17, 
24,26 


The present search report has been drawn up for ail claims 


1,3,4,6, 
12, 

16-18, 
24,26 


1.3.4,7 

13,16, 

24,26 


1,3,4,6, 

16-22, 

24,26 


H01L31/04 

F23C3/00 

F23L15/04 


TECHNICAL FIELDS 
SEARCHED (lntCI.7) 


H01L 

F23C 
F23L 


Ptaoeol saaren 

THE HAGUE 


Data ol completion ol lr» searcfi 

24 January 2001 


Visentin, A 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevani it taken atone 

V : particularly relevani IT combined with another 

document ol the same category 
A : technological background 
O : non-wtten aiseJosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document, bid published on. or 

after i no riling date 
D : document coed in the application 
L : document cited for other reasons 

& : member oT the same patent family, corresponding 
document 


BEST AVAILABLE COP , 

16 

1179856A1_I_> 


EP 1 179 856 A1 


ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 


EP 00 20 2786 


This annex lists me patent family members relating to the patent documents cned in the above-mentioned Eurooean search »epon. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

24-01-2001 


Patent document 
cited in searcn report 

Publication 
date 

Patent tamiiy 
memoer(s) 

Publication 
date 

US 5797997 

A 

25-08-1998 

US 

wo 

5512108 A 
9610268 A 

30-04-1996 
04-04-1996 

EP 1014454 

A 

28-06-2000 

DE 

19859076 A 

06-07-2000 

US 6065418 

A 

23-05-2000 

NONE 



W0 9908296 

A 

18-02-1999 

US 
AU 

59S2885 A 
1448899 A 

03-08-1999 
01-03-1999 

DE 19740625 

A 

18-03-1999 

NONE 




i For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 


17 


BNSDOCID: <EP_ 


_1179856A1_1_> 



THIS PAGE BLANK (USPTO) 


